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Table 1 Mating design table

Ak

Maternal

A7 Paternal parents

parents

RC13 RC19 RC4 RC5 RC503 RC82 RF27 Y11 Y16 RI Y33 Y5

Y13 RC2 RC34 RC35 RC40 RC402RC404 RC41 RC61 RC8 RC81

RC13 ® X X X X X
RC19 X
RC4 X
RC5 X
X
X

X X

X

X

RC503 X

RC82

RF27
Y11
Y16
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Y55

Y10 X X
RC25
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X
X
X
X

x x x ® x

X
X
() X
X
X

X

x x x ®
x

X
X ® x x
X

X

e x - ® - A3,
Notes: x and ® indicate crossing and selfing, respectively.
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Table 2  Statistics of two-tailed t-test for means
comparison between selfing and non-selfing progeny

from the same parents for survival and growth traits

Ptk 24 1 Group 1 24 2 Group 2

Traits t{H t-value  p {f p-value ¢ {H t-value p {H p-value
Surl6 0.69 0.52 0.87 0.41
H16 -0.27 0.80 -1.83 0.16
DBH16 0.68 0.53 -1.94 0.12
V16 0.50 0.64 =2 1l 0.12
Sur26 0.93 0.40 0.61 0.56
H26 -0.04 0.97 -3.20 0.01
DBH26 0.92 0.41 -4.72 <0.01
V26 1.01 0.36 -4.86 <0.01

T« Sur-£73% 3 H-W 7 s DBH-J 425 V- AR 8. T Il

Notes: Sur, H, DBH and V present survival, height, diameter at
breast height and volume index, respectively. The following 16 and 26 in-

dicate the tree ages. The same bellow.
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Table 3 Descriptive statistics for survival and growth traits

PEAR Traits ¥i{E bRtz e/ IMEL WK AE tu'&iﬁ@f}‘ﬁﬁ AL F R
Mean SD Min Max RECV /% B CV /%
201 Surl6/% 45.04 15.68 9.09 75.00 NA NA
Group 1 H16/m 17.52 0.49 16. 68 18.32 0.97 5.80
DBH16/cm 15.47 0.68 14.07 16.30 2.56 9.67
V16/dm? 43.01 4.68 34.16 51.44 6.56 24.04
Sur26/% 38.81 14.60 9.09 75.00 NA NA
H26/m 22.33 0.87 20.43 23.37 0.52 6.53
DBH26/c¢m 20.02 1.25 17.59 22.04 4.28 11.85
V26/dm? 93.41 14.81 64. 06 117.74 9.00 28.37
242 Surl6/% 44.98 9.51 25.00 62.00 NA NA
Group 2 H16/m 17.79 0.43 16.93 19.02 <0.01 5.43
DBH16/cm 15.46 0.80 12.82 16.93 <0.01 9.56
V16/dm? 43.96 5.30 28.17 54.61 <0.01 21.44
Sur26/% 40.36 10.18 16.67 58.00 NA NA
H26/m 22.95 0.77 20.19 24.87 <0.01 7.29
DBH26/cm 20.32 1.30 14.93 23.00 <0.01 11.85
V26/dm? 98. 60 12.93 52.67 126.28 0.01 27.57
4= Total Surl6/% 44.72 11.04 9.09 75.00 NA NA
H16/m 17.73 0.48 16. 68 19.02 <0.01 5.70
DBH16/cm 15.58 0.86 12.82 18.29 3.38 9.49
V16/dm’ 4440 5.71 28.17 62.27 7.88 23.34
Sur26/% 39. 82 10.59 9.09 75.00 NA NA
H26/m 22.88 0.94 20.19 25.87 <0.01 6.22
DBH26/cm 20.43 1.39 14.93 24.85 4.97 11.33
V26/dm’ 99. 62 15.98 52.67 161.16 9.49 25.92
HNA-BK

Notes: NA presents not available.

2.3 SCA xfiEfE iR

MR R AT FEEEHEZ HT 10 AG KRG 50
SR B A (B A5 AL 2500 (& FPE + SCA &L
B) fh SR 3 15, 25 R L3R 5. (URYE & A E ST

EFE, 16 4F A i 42 F b BRI 352 4% 3 4% 43 90
2.76% F17.12% ; GHA B FHE AT SCA R (E# 1T
VEFEI 3845 19 45 73 1) 3. 219% F1 8. 04% , L B4
B A PR L 1 45 40 B i 16.30% F112.92%



55 4 ] BTG A HARTE R 2 S A AR i AL 2 B 15

26 AFLEIY SCA TR MRIGF RME B AL HA TS F11.00% (£ 5) .
IRCR — 25, B AR B AL 3 45 0 0] 0 6. 31%
Fd ERERFTEASREEAMEIT

Table 4 Estimates of variance components, heritability, and standard errors (in parentheses) for growth traits

i o [ 1B 385K SN . SR AR S HRRST L FER] X
jﬂ’"ﬂi fk ”f’f Eﬁfﬁ B MUECPIOE gk afen  afeh e
“ o O (SE) e e Ga/on ﬁ?(sm H%(sm H}(sm
H1 Hi6 <0.001 <0.001 <0.001 0.382 0.638 NA <0.001 <0.001 <0.001
Group 1 ( <0.001) ( <0.001) (<0.001) (0.066) ** (0.046) ( <0.001) ( <0.001) ( <0.001)
0.277 0.164 0.03 0.119 1.856 0.127 0.202 0.642
DBH16 B 0.59
(0.299) ** (0.329) ** (0.057) (0.083) ** (0.165) (0.083) (0.078) (0.357)
e 12.233 10.34 0.614 12.571 85.48 0.85 0.114 0.21 0.593
(15.224) *  (19.26) * (2.851)  (4.75)"  (7.811) (0.084)  (0.078) (0.337)
<0.001 <0.001 <0.001 0.143 1.885 <0.001 <0.001 <0.001
H26 NA
( <0.001) ( <0.001) ( <0.001) (0.087) ** (0.146) ( <0.001) ( <0.001) ( <0.001)
DBIDSG 1.031 <0.001 <0.001 0.478 4.367 <0.01 0.192 0.192 0.621
(0.886) ** ( <0.001) ( <0.001) (0.229) ** (0.444) (0.099) (0.109) (0.349)
V26 89.286 <0.001 <0.001 47.629 574.56 <0.01 0.134 0.134 0.539
(84.68) ™  (<0.001) (<0.001) (28.112)" (52.833) (0.075)  (0.094)  (0.315)
22 Hi6 <0.001 <0.001 <0.001 0. 144 0.789 NA <0.001 <0.001 <0.001
G P (<0.001)  (<0.001) (<0.001) (0.098)*  (0.133) (<0.001) (<0.001) ( <0.001)
DBHI6 <0.001 <0.001 <0.001 <0.001 2.187 NA <0.001 <0.001 <0.001
( <0.001) ( <0.001) (<0.001) (<0.001) (0.306) ( <0.001) ( <0.001) ( <0.001)
Vie <0.001 <0.001 <0.001 <0.001 88.85 NA <0.001 <0.001 <0.001
(<0.001)  (<0.001) (<0.001) (<0.001) (12.442) (<0.001) (<0.001) ( <0.001)
06 <0.001 <0.001 <0.001 0.016 2.784 NA <0.001 <0.001 <0.001
( <0.001) ( <0.001) ( <0.001) (0.364) (0.594) ( <0.001) ( <0.001) ( <0.001)
DBH26 <0.001 <0.001 <0.001 <0.001 5.794 NA <0.001 <0.001 <0.001
(<0.001) (<0.001) (<0.001) (<0.001)  (0.905) (<0.001) (<0.001) (<0.001)
V26 <0.001 <0.001 <0.001 <0.001 739.077 <0.01 <0.001 <0.001 <0.001
( <0.001) ( <0.001) (<0.001) (<0.001) (115.425) ( <0.001) ( <0.001) ( <0.001)
£ H16 0.029 <0.001 <0.001 0.356 0.661 <0.01 0.028 0.028 0.128
Combined (0.063) * ( <0.001) ( <0.001) (0.049) ** (0.041) (0.034) (0.036) (0.091)
DBHL6 0.157 . 0.21 0.013 0.084 ‘ 2.013 134 0.07 0.164 0.572
(0.173) ™ (0.288) ™ (0.043) (0.061) * (0.124) (0.046) (0.04) (0.229)
Vi 7.951 10.578 <0.001 9.343 90.961 53 0074 0.173 0.546
(8.926)*  (15.038) ** (<0.001)  (3.29)*  (5.751) (0.05) (0.043) (0.218)
6 0.014 0. 087 <0.001 0.159 1.937 6.36 0. 006 0.047 0.182
(0.103) (0.28)*  (<0.001)  (0.076)*  (0.122) (0.028) (0.025) (0.113)
0.735 <0.001 <0.001 0.166 5.098 0.13 0.13 0.561
DBH26 <0.01
(0.479) ** ( <0.001) ( <0.001) (0.162) * (0.346) (0.051) (0.065) (0.324)
e 70.653 <0.001 <0.001 12.532 654.455 <0.01 0.101 0.101 0.501
(52.565) ™  (<0.001) (<0.001) (19.864)* (43.092) (0.045) (0.055) (0.31)

TE: o B+ A3 BIFRRAE 0. 05 F10. 01 7K B2 NA-BIUK ; SE-frfk iR

Note: # and #* #* present significance at 0.05 and 0.01 level, respectively; NA presents not available; SE indicates standard error.

x5 BERMERREFEFHEMSEEEFRNSEEES

Table 5 Estimates of genetic gains from selection based on breeding values and genetic values

RN HE AHE T L {H B L 45/ % IR LI 25/ %
Traits Mean Breeding value Genetic value Genetic gains with breeding value Genetic gains with genetic value
H16/m 17.73 0.12 0.12 0.68 0.68
DBH16/cm 15.58 0.43 0.50 2.76 3.21
V16/dm’ 44.40 3.16 3.57 7.12 8.04
H26/m 22.88 0.05 0.08 0.22 0.35
DBH26/cm 20.43 1.29 1.29 6.31 6.31

V26/dm’ 99.62 10.96 10.96 11.00 11.00
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Genetic Analysis of Larix kaempferi Growth Traits in Full-diallel Crosses

DONG Lei-ming, ZHANG Shou-gong, SUN Xiao-mei
(Research Institute of Forestry, Chinese Academy of Forestry, Key Laboratory of Tree Breeding and Cultivation, National Forestry and

Grassland Administration, Beijing 100091, China)

Abstract: [ Objective | The analysis of combining ability was conducted through full-diallel mating design to
study the relative contribution of special combining ability (SCA) to economically important traits, aiming to pro-
vide important genetic parameter information for the development of Japanese larch ( Larix kaempferi) breeding
strategies and the management of breeding populations. | Method | The progeny trail mainly consists of two full-
diallels (6 x 6 and4 x 4, respectively) derived from 13 parent trees used as female and 23 used as male. The
phenotypic data for growth traits measured at age 16 and age 26 were adjusted using first order autoregression
model, and then were used in individual mixed models to conduct combining ability and reciprocal effect analy-
sis. The importance of dominance related to additive effect was investigated and its application in Japanese larch
breeding was discussed. [ Result]| The self-crossed offspring showed no significant self-depression in the surviv-
al, and even outperformed the corresponding non-selfed individuals in some parents in terms of growth. The re-
ciprocal effects of the growth traits were not notable, indicating that the mating direction needs not to be consid-
ered in future’ s breeding. At age 16, the additive and dominance effect of DBH and volume were significant
and the dominant effect was greater than the additive effect. At this age, the genetic gains were 3. 21% and
8.04% when selected for the top 10 families based on combining breeding value and SCA, which increased by
16.30% and 12.92% compared with selection on breeding value solely (2.76% and 7. 12% , respectively).
The additive effects of DBH and volume were significant at age 26 while the dominant effects were disappeared.
The narrow-sense heritability, broad sense heredity and broad family heritability of the average family were 0. 070
-0.074, 0.164 -0.173, and 0. 546 —0.572 for DBH and volume at age 16, and the narrow-sense heredity in-
creased to 0. 13 and 0. 10 for this two traits, respectively. [ Conclusion | The SCA effects are significant for
DBH and volume at age 16. More genetic gain can be captured by the utilization of SCA through producing im-
proved seeds from mating those parent pairs with high GCA and high SCA effects. Further, genetic gain can be
maximized through vegetative propagation of the trees developed from those seeds.

Keywords: tree genetic improvement; SCA ; full-sib; genetic parameters; Larix kaempferi
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